Abstract. The accuracy of fuzzy time series prediction method depends on the accuracy of the discourse division and fuzzy relation extraction. Aiming at the main problems in the model, this paper put forward a kind of fuzzy time series prediction method based on spectral clustering using spectral clustering dividing time series discourse and calculate the corresponding fuzzy sets to construct fuzzy time series; At the same time using second-order Markov probability model constructing fuzzy relation in fuzzy time series, and then predict the subsequent numerical. Compared with the traditional fuzzy time series prediction method, this method can improve the accuracy.
Introduction
Time series data is an important data widely exist in nature, engineering technology, economic and society. But the observations contained a large amount of incomplete or noise information, Fuzzy Time Series [1] introduces the fuzzy theory, and to express the uncertainty in the historical data using fuzzy variables, and the corresponding prediction method has been used in many fields successfully, such as student registration [1] [2] [3] , temperature [4, 5] , travel [6] and so on, especially in Stock prediction [7] .
Of the fuzzy time series prediction method, the core content is the discourse division and the extraction of fuzzy rules, the result directly determine the accuracy of the model. To determine the discourse division based on the heuristic, considering the effects of divided intervals on prediction results [8] . In addition, there are also discourse division methods based on natural division [9] , distribution density [10, 13, 17] , interval length of proportion [11] , genetic algorithm [14] , and optimization algorithm of single variable constraint [16] .
As [18, 19] gets the cluster based on hierarchical clustering and transform into the corresponding interval subdivision of the discourse, then extract the fuzzy relation and construct prediction model based on fine sorted Fuzzy time series. [20] constructs the fuzzy prediction model based on both clustering of density and classification of fuzzy sets, which divide discourses according to clustering of the cluster and construct the fuzzy prediction model based on classification of fuzzy sets. But these methods need to sort data before clustering, so they lost the advantage of the data distribution based on clustering. [21] constructs fuzzy time series prediction model based on FCM (Fuzzy C-Means) algorithm is the method which divides discourse and extracts the fuzzy relations by the results of clustering. Although the fuzzy clustering is helpful to find the fuzzy relations of time series, but the FCM algorithm need to set the cluster number in advance, and the growth of time-series data changes data distribution, then it will lead to a decrease in the accuracy of prediction.
To the issues of clustering algorithms and fuzzy theory, we proposed a fuzzy time series prediction method based on spectral clustering [22] , which could confirm the division rationally and model with observational values precisely. Too prove the validity of this method, we proceed the experiment with large as long-term data and some other algorithm, which results the better accuracy and efficiency.
Fuzzy Time Series Prediction Method Based on Spectral Clustering
In the face of situation that the real time-series data have a large amount of incomplete information or noise information, the basic idea of the proposed model in this paper is first based on the idea of spectral clustering to divide the theory of discourse of the time series data, then the fuzzy set can be calculated, and the fuzzy set is also used to represent the original time series data of the fuzzy time series; thus we can build the relationship of fuzzy logic in the original time series data, which is described by the second-order Markov probability model for the consideration of possibilities that the before time data influence the subsequent data. Finally the numerical value of the next time can be forecasted by this. Then fuzzy time series prediction method based on spectral clustering (SFTP, Spectral-based fuzzy time series Prediction) is described as below:
Step1: Time series:{ , 0,1, 2, , } t x t T  , where T is the number of the observed points. And at moment t and 1 t  , the observation values respectively are 1 tt xx  、 , then the trend rate of moment t is shown as Eq. 1:
Step2: Define the initial theory field [ , ] min max
min r and max r are the minimum and maximum in the trend sequence respectively. p and q are positive number of appropriate selection.
Step 3: Determine the best theory discourse division. Namely we divide the initial theory discourseU into 1 m  parts by the spectral clustering method. The boundary vectors of the interval is:
Then the specific steps that based on spectral clustering to determine the discourse division of time sequence are as follows:
Step 3. 
Step 3.2: Construct the Laplace matrix Step 3.4: Determine the interval set 
Step 4: Determine the fuzzy sets by discourse division results. According to the boundary of aforementioned interval division To construct the fuzzy relation matrix, we can use second-order Markov probability model to represent the second order fuzzy logic relations, which is convenient to consider the possibilities that before times data affect the subsequent data. And we described it as the form of matrix, then we can take advantage of the matrix analysis method to analyze it in order to obtain the overall properties of time series. After traversing the fuzzy time series, we normalize the fuzzy relation matrix.
Step 8: Determine the corresponding fuzzy set of data to predict moments. Assuming that the corresponding fuzzy sets of trends observed value at the moment t and 1 t  are , Step 9: Determine the data values at the moment to predict. According to the fuzzy sets that matched at moment 1 t  at step 8, we select the cluster center h c of the maximum membership degree h u . We can get predictive value of times change trend, and then through Eq. 4 we can get time Fig. 1(a) , and the distribution of the values calculated according to Eq. 1 is shown in Figure 1(b) . It indicates that it is easier to get the characteristics of the distribution from the analyzed data than the original data, so we will use the he analyzed data as the basis of the prediction in the model referred in this article. We also indicate the accuracy of our method by comparing with two main time series prediction Methods, which are self-regression and neural network prediction method, and four prediction methods based on fuzzy time, which are evenly divided on the discourse, based on K-Means, hierarchical clustering and density clustering predictions discourse division method.
We use two indicators to measure the accuracy of the time series to analyze the effect of predicting. Namely, Mean Square Error (MSE) and Theil Inequality Coefficient (TIC). Fig. 2 shows the comparison of the two indicators obtained by different prediction methods on real traffic data collection. It shows that the SFTP algorithm can get a lower evaluation value compared with others, and this is equal to say, the SFTP can predict a better prediction. This is based on the fact that the SFTP uses fuzzy time series modeling method. This method can take advantage of the original features of the data better than the ordinary time series prediction methods. Compared with others, discourse division based on spectral clustering doesn't need to assume the distribution of the data in advance; besides, it can transform the clustering problem into the spectral decomposition problem of the matrix, basing on the similarity matrix.
Summary
We presents a fuzzy time series prediction method based on spectral clustering to solve the problem exists in the fuzzy time series prediction method. The model divides the discourse according to the spectral clustering, which can divide the original discourse of the data of the time series without assuming the data distribution in advance. Besides, the model uses the second-order Markov probability model to describe second-order fuzzy relations in fuzzy time series and to predict subsequent data as well, which can process the influence caused by the data generated; namely, we ensure the accuracy of the predictions from discourse division and the extraction of the fuzzy relation. Finally, we confirm the effectiveness of the proposed prediction method according to the experiments on the real time series data sets.
